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Abstract. Masses of the low lying four quark states in the hidden charm sector (cqc¯q¯; q ∈ u, d) are calculated
within the framework of a non-relativistic quark model. The four body system is considered as two two-
body systems such as diquark-antidiquark (Qq − Q¯q¯) and quark antiquark-quark antiquark (Qq¯ − Q¯q)
molecular-like four quark states. Here, Cornell type potential has been used for describing the two body
interactions among Q − q, Q¯ − q¯, Q − q¯, Qq − Q¯q¯ and Qq¯ − Q¯q, with appropriate string tensions. Our
present analysis suggests the following exotic states, X(3823), Zc(3900), X(3915), Zc(4025), ψ(4040),
Z1(4050) and X(4160) as Qq¯− Q¯q molecular-like four quark states while Zc(3885), X(3940) and Y (4140)
as the diquark-antidiquark four quark states. We have been able to assign the JPC values for many of
the recently observed exotic states according to their structure. Apart from this, we have identified the
charged state Z(4430) recently confirmed by LHCb as the first radial excitation of Zc(3885) with G=+1
and Y (4360) state as the first radial excitation of Y (4008) with G = −1 and the state ψ(4415) as the first
radial excitation of the ψ(4040) state.
PACS. PACS-key Exotic, tetraquark
1 Introduction
Over the past decade, the family of exotic states has be-
come more and more abundant due to the development at
the experimental front. It is a topic of current interest full
of opportunities and challenges for theorists as well as ex-
perimentalists to reveal the internal mechanisms originat-
ing from these novel and complicated states. Many exotic
states in the charm sector with cc¯ content have been dis-
covered by Belle [1] and BESIII [2] and others which pro-
vide challenges to theorists studying hadron spectroscopy.
With the experimental progress, theorists have paid more
attention to these observations by proposing different ex-
planations. Due to the asymptotic property of QCD, study
of the hadron physics have to concern about the nonper-
turbative effect which is difficult in quantum field the-
ory. It has been realized early on that quark models and
QCD sustain a much richer pattern of different multi-
quark and/or color network configurations, beyond the
”non-exotic” standard qq¯ mesons and qqq baryons. There
are growing evidences for the existence of exotic mesons
containing both heavy and light quark-antiquark pairs i.e.
cc¯qq¯. In the past few years, the experimental observations
of large numbers of X, Y and Z states have stimulated the
study of exotic states greatly as they have induced a pre
Gell- Mann like situation in our knowledge of the hadron
spectroscopy.
Definite conclusions have not yet been reached about
the internal structure of newly observed four quark sys-
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tems. Models to accommodate the exotic states have been
proposed over the last decades. Different attempts have
been made for the interpretation of the internal struc-
ture of the exotic hadronic states of four quark system.
These four quark state can in principle be composed of
diquark-antidiquark (a tetraquark), a loosely bound state
of two mesons (a molecular state), glueballs or qq¯ pair with
gluons (hybrids). Here, we confine ourselves to the study
of four quark exotic states containing hidden charm(c, c¯)
with light flavor(u, d) combinations. Study of such struc-
tures is important from the point of view of understanding
interaction among hadrons at different energy scales re-
lated to their formation of bound states as well as their de-
cay processes. These interactions provide useful informa-
tion to study fundamental problems of QCD such as color
confinement. The proposal to revisit the multiquark pic-
ture using diquarks has been raised by Jaffe and Wilczek
[3]. The first papers suggesting the existence of tetraquark
configurations were given by [4,5], within the MIT bag
model with color spin interaction. In the beginning, light
flavor tetraquark states were predicted. The possible ex-
otic structure for the interpretations of the light scalar
mesons was discussed in diquark-antidiquark picture in
Refs [4,6,7,8]. In Refs [6,7], authors presented decay of
light scalar meson in the diquark -antidiquark picture and
discussed a mixing of light scalars with that of the posi-
tive parity qq¯ states. Later on, Weinstein and Isgur [9,10]
extended this tetraquark picture into a variety of quark
models. This means that tetraquarks with heavy quarks
can also exist. In the past thirty five years, theorists have
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been studying whether two charmed mesons can be bound
into a molecular state as the presence of the heavy quarks
lowers the kinetic energy while the interaction between
two light quarks could still provide a strong enough at-
traction. Voloshin and Okun studied the interaction be-
tween a pair of charmed mesons and proposed the possibil-
ities of the molecular states involving charmed quarks [11].
Several attempts have been made to describe the interac-
tion between two mesons in the di-mesonic molecular state
based on potential models [12,13,14]. The states Zc(3900)
reported by BELLE and BES-III [1,2] and Z(4430) dis-
covered earlier by BELLE[15] and confirmed recently by
LHCb[16] are of recent interest in the study of exotic
hadrons. These exotic states are interpreted as strong can-
didates for the tetraquark states[17,18]. Another interest-
ing possible interpretation of the Zc(3900) as a molecu-
lar like state of 1/(
√
2)(DD¯∗+D∗D¯) resulting from the
binding of two charmed mesons is proposed by Hong et
al[19]. Thus, its interpretation as a tetraquark state or a
di-mesonic molecular state remains unresolved. We make
an attempt to predict masses of heavy tetraquarks in the
framework of a non-relativistic quark model based on the
potential approach. Here we consider the four-body prob-
lem in terms of the subsequent more simple three two-
body systems.
2 Theoretical Framework
In this paper we shall take a different path and investi-
gate different ways in which the experimental data can
be reproduced. There are many methods to estimate the
mass of a hadron, among which phenomenological poten-
tial model is a fairly reliable one.
Non-relativistic interaction potential we have used here
is the Cornell potential consists of a central term V(r)
which is being just a sum of the Coulomb(vector) and
linear confining(scalar) parts given by
V (r) = VV + VS = ks
αs
r
+ σr (1)
ks = −4/3 for qq¯
= −2/3 for qq or q¯q¯ (2)
Different degenerate exotic states can be calculated by
including spin-dependent part of the usual one gluon ex-
change potential. The potential description extended to
spin dependent interactions results in three types of inter-
action terms such as the spin-spin , the spin-orbit and
the tensor part that are to be added to the discussed
leading non-relativistic description. Accordingly, the spin-
dependent part VSD is given by
VSD = VSS
[
1
2
(S(S + 1)− S1(S1 + 1)− S2(S2 + 1))
]
+VLS
[
1
2
(J(J + 1)− S(S + 1)− L(L+ 1))
]
+VT
[
12
(
(S1.r)(S2.r)
r2
− 1
3
(S1.S2)
)]
(3)
The spin-orbit term containing VLS and tensor term
containing VT describe the fine structure of the states,
while the spin-spin term containing VSS proportional to
2S1.S2 gives the hyperfine splitting. The coefficient of these
spin-dependent terms of Eq.(3) can be written in terms of
the vector and scalar parts of static potential V(r) as
V ijLS(r) =
1
2MiMjr
+
[
3
dVV
dr
− dVS
dr
]
(4)
V ijT (r) =
1
6MiMjr
+
[
3
d2VV
dr2
− 1
r
dVS
dr
]
(5)
V ijSS(r) =
1
3MiMjr
∇2VV = 16piαs
9MiMj
δ3(r) (6)
Where Mi, Mj corresponds to the masses and r is rel-
ative co-ordinate of the two body system under consider-
ation.
Our main aim is to interpret the four quark state struc-
ture in two different schemes: (1) Clusters of diquark-
antidiquark like structure and (2) Clusters of quark antiquark-
quark antiquark like structure. In this case, one uses the
fact that the motion of the quarks that comprise the ex-
otic state is nonrelativistic to assume that they move in
a static potential, much like nonrelativistic models of the
hydrogen atom. In both the pictures, we have treated the
four particle system as two-two body systems interacting
through effective potential of the same form of the two
body interaction potential discussed above but with dif-
ferent interaction strengths, ks and σ of Eq. (1).
The model parameters including the constituent quark
masses (mu/d, mc) and string tension (σ) are chosen to
get the ground state masses of experimentally observed
X(3823), Zc(3823) and Zc(3885) exotic states. The fitted
model parameters are listed in the Table 1 along with com-
puted ground state radii of Qq, Qq¯, Qq− Q¯q¯ and Qq¯− Q¯q
systems. From the radii listed in the Table 1 we can see
that though both Qq, Qq¯ systems having same string ten-
sion the size of Qq system is larger than the Qq¯ system
as the color coulomb part becomes less attractive in the
case of Qq system compared to Qq¯ system. Also the size
of Qq− Q¯q¯ is slightly smaller than that of Qq¯− Q¯q system
indicative of the fact that the inter-cluster residual color
interaction in the case of Qq¯ − Q¯q is weaker relative to
Qq − Q¯q¯. The two body Schro¨dinger equation is numer-
ically solved using Range-Kutta method of mathematica
notebook [20,21].
2.1 The Four quark state as Qq, Q¯q¯ clusters
In this section, we calculate the mass spectra of tetraquarks
with hidden charm as the bound states of two clusters (Qq
and Q¯q¯), (Q = c; q = u, d). We think of the diquarks as
two correlated quark with no internal spatial excitation.
Because a pair of quarks can’t be a color singlet, the di-
quark can only be found confined into the hadrons and
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Table 1. Fitted model parameters (quark mass and string tension) along with computed ground state rms radii.
Quark masses System String tension σ 〈r2〉1/2
(GeV 2) (fm)
mu = md = 0.323GeV Qq 0.015 1.539
mc = 1.486GeV Qq − Q¯q¯ 0.030 0.513
Qq¯ 0.015 1.393
Qq¯ − Q¯q 0.018 0.530
Table 2. Mass spectra of four quark state with Qq − Q¯q¯ structure for Ld=0 and Ld¯=0 (in GeV).
Sd Ld Sd¯ Ld¯ Jd Jd¯ J J
PC 2S+1XJ Mcw 〈VSS〉 〈VLS〉 〈VT 〉 Mass
0 0 0 0 0 0 0 0++ 1S0 3.906 0 0 0 3.906
1 0 0 0 1 0 1 1+− 3S1 3.910 0 0 0 3.910
1 0 1 0 1 1 0 0++ 1S0 3.914 -0.0650 0 0 3.849
1 1+− 3S1 -0.0325 3.882
2 2++ 5S2 0.0325 3.946
Mcw-center of weight mass
Table 3. Mass spectra of four quark state with Qq − Q¯q¯ structure for Ld=1 and Ld¯=0 (in GeV).
Sd Ld Sd¯ Ld¯ Jd Jd¯ J J
PC 2S+1XJ Mcw 〈VSS〉 〈VLS〉 〈VT 〉 Mass
0 1 0 0 1 0 1 1−− 1P1 4.156 0 0 0.0082 4.164
1 1 0 0 0 0 0 0−+ 3P0 -0.0035 -0.0165 4.136
1 1 1−+ 3P1 4.156 0 -0.0017 0.0041 4.159
2 2 2−+ 3P2 0.0017 -0.0041 4.154
1 1 1 0 0 1 1 1−− 1P1 4.160 -0.0017 0 0 4.145
1 1 0 0−+ 3P0 -0.0035 -0.027 4.128
1 1−+ 3P1 4.160 -0.0008 -0.0017 -0.0688 4.151
2 2−+ 3p2 0.0017 -0.0151 4.146
2 1 1 1−− 5P1 -0.0052 -0.0426 4.113
2 2−− 5P2 4.160 0.00088 -0.0017 0.0151 4.174
3 3−− 5P3 0.0035 -0.022 4.142
used as effective degree of freedom. Heavy light diquarks
can be the building blocks of a rich spectrum of exotic
states which can not be fitted in the conventional charmo-
nium assignment. Maiani et al [22] in the framework of the
phenomenological constituent quark model considered the
masses of hidden/open charm diquark-antidiquark states
in terms of the constituent diquark masses with their spin-
spin interactions included.
We discuss the spectra in the framework of a non-
relativistic hamiltonian including chromo-magnetic spin-
spin interactions between the quarks (antiquarks) within
a diquark(antidiquark ). Masses of diquark (antidiquark)
states are obtained by numerically solving the Schro¨dinger
equation with the respective two body potential given by
Eq.(1) and incorporating the respective spin interactions
described by equation (3) perturbatively.
In the diquark-antidiquark structure, the masses of the
diquark/diantiquark system are given by:
md = mQ +mq + Ed + 〈VSD〉Qq (7)
md¯ = mQ¯ +mq¯ + Ed¯ + 〈VSD〉Q¯q¯ (8)
Further, the same procedure is adopted to compute the
binding energy of the diquark-antidiquark bound system
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Table 4. Mass spectra of four quark state with Qq¯ − Q¯q molecular-like structure for L1=0 and L2=0 (in GeV).
S1 L1 S2 L2 J1 J2 J12 L12 J J
PC 2S+1XJ Mcw 〈VSS〉 〈VLS〉 〈VT 〉 Mass
0 0 0 0 0 0 0 0 0 0−+ 1S0 3.817 0 0 0 3.817
1 1 1+− 1P1 3.929 0 0 0.0057 3.935
2 2 2−+ 1D2 3.999 0 0 0.00094 4.000
1 0 0 0 1 0 1 0 1 1+− 3S1 3.817 0 0 0 3.817
0 0++ 3P0 0 -0.0022 -0.0011 3.915
1 1 1++ 3P1 3.929 0 -0.0011 0.0028 3.931
2 2++ 3P2 0 0.0011 -0.0028 3.927
1 1−− 3D1 0 -0.0002 -0.0014 3.997
2 2 2−− 3D2 3.997 0 -0.00006 0.0008 4.000
3 3−− 3D3 0 0.00012 -0.0006 3.999
1 0 1 0 1 1 0 0 0−+ 1S0 -0.0069 0 0 3.747
1 0 1 1−− 3S1 3.817 -0.0034 0 0 3.782
2 2 2−+ 5S2 0.0034 0 0 3.853
0 1 1 1+− 1P1 3.929 -0.0010 0 -0.0096 3.919
0 0++ 3P0 -0.0022 -0.019 3.907
1 1 1 1++ 3P1 3.929 -0.0005 -0.0011 -0.0048 3.923
2 2++ 3P2 0.0011 -0.010 3.919
1 1+− 5P1 -0.0033 -0.029 3.897
2 1 2 2+− 5P2 3.993 0.0005 -0.0011 -0.010 3.939
3 3+− 5P3 0.0022 -0.015 3.917
as
Md−d¯ = md +md¯ + Edd¯ + 〈VSD〉dd¯ (9)
Where Q and q represents the heavy quark and light
quark respectively. Here, we consider a different string ten-
sion σQq−Q¯q¯ for intercluster interaction. In the present
paper, d and d¯ represents diquark and antidiquark respec-
tively. While Ed, Ed¯, Edd¯ are the energy eigen values of
the diquark, antidiquark and diquark-antidiquark system
respectively. The spin-dependent potential (VSD) part of
the hamiltonian described by Eq.(3) has been treated per-
turbatively. Details of the computed results are listed in
Table 2 and 3 for the low lying positive parity and nega-
tive parity states respectively.
2.2 Four quark state as Qq¯, Q¯q clusters
In this section, we present our calculations for the masses
of the four quark states as clusters of Qq¯ and Q¯q with some
residual color forces that binds the two clusters. Unlike in
the di-mesonic molecular bound states where screening po-
tentials are employed [13] for the interaction between two
color singlet mesons, here we consider a residual color in-
teraction among the Qq¯, Q¯q clusters within the four quark
system but with a screened string tension σQq¯−Q¯q. Accord-
ingly we write σQq¯−Q¯q = e
−xσQq−Q¯q¯, where the screening
factor e−x is found to be about 60%. Apart from this, we
have also considered one meson exchange interaction at
the long range part of the Qq¯ − Q¯q interaction with the
usual meson-nucleon coupling strength and we found that
the contributions are very negligible compared to their
spin dependent contributions.
The masses of two clusters (Qq¯, Q¯q) are obtained by solv-
ing the Schro¨dinger equation with the intra-cluster inter-
actions of the Coulomb plus linear form given as follows:
M1 = mQ +mq¯ + EQq¯ (10)
M2 = mQ¯ +mq + EQ¯q (11)
Further, the calculations are repeated for the mass of
the four quark system incorporating the intercluster inter-
action and is expressed as
M =M1 +M2 + EM12 + 〈VSD〉 (12)
where,EQq¯ ,EQ¯q represent the binding energy of the quark-
antiquark constituting the cluster and EM12 is the effec-
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Table 5. Mass spectra of four quark state with Qq¯ − Q¯q molecular-like structure for L1=1 and L2=0 (in GeV).
S1 L1 S2 L2 J1 J2 J12 L12 J J
PC 2S+1XJ Mcw 〈VSS〉 〈VLS〉 〈VT 〉 Mass
0 1 0 0 1 0 1 0 1 1−− 3S1 3.927 0 0 0 3.927
0 0++ 3P0 -0.0022 -0.011 4.023
1 1 1++ 3P1 4.036 0 -0.0011 0.0028 4.038
2 2++ 3P2 0.0011 -0.0028 4.035
1 1−− 3D1 -0.0002 -0.0013 4.104
2 2 2−− 3D2 4.106 0 -0.00006 0.0007 4.107
3 3−− 3D3 0.00013 -0.006 4.106
1 1 1 0 0 1 1 0 1 1−− 3S1 3.927 0 0 0 3.927
0 0 0−+ 1S0 -0.069 0 0 3.858
1 1 1 0 1 1−− 3S1 3.927 -0.034 0 0 3.892
2 2 2−+ 5S2 0.034 0 0 3.962
1 1 1−− 3S1 -0.0910 0 0 3.823
2 1 2 0 2 2−+ 5S2 3.927 -0.034 0 0 3.892
3 3 3−− 7S3 0.069 0 0 3.996
0 1 1 1 0 0++ 3P0 0 -0.0022 -0.011 4.023
1 1++ 3P1 4.036 0 -0.0011 0.0028 4.038
2 2++ 3P2 0 0.0011 -0.0028 4.035
1 1 0 1 1 1+− 1P1 4.036 -0.0009 0 -0.0094 4.026
0 0++ 3P0 -0.0022 -0.018 4.015
1 1 1 1++ 3P1 4.036 -0.0004 -0.0011 -0.0047 4.030
2 2++ 3P2 0.0011 -0.010 4.027
1 1+− 5P1 -0.0033 -0.029 4.004
2 1 2 2+− 5P2 4.036 0.0004 -0.0011 0.010 4.046
3 3+− 5P3 0.0022 -0.015 4.024
2 1 1 1 0 0++ 3P0 -0.0022 -0.034 3.999
1 1++ 3P1 4.036 -0.0014 -0.0011 -0.019 4.015
2 2++ 3P2 0.0011 -0.025 4.010
2 1 1−− 5P1 -0.0033 -0.044 3.988
2 2−− 5P2 4.036 -0.00048 -0.0011 -0.047 4.030
3 3−− 5P3 0.0022 -0.030 4.008
3 2 2++ 7P2 -0.0044 -0.058 3.974
3 3++ 7P3 4.036 0.0009 -0.0011 0.018 4.054
4 4++ 7P4 0.0033 -0.038 4.002
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Table 6. Mass spectra of four quark state with Qq¯ − Q¯q molecular-like structure for L1=1 and L2=1 (in GeV).
S1 L1 S2 L2 J1 J2 J12 L12 J J
PC 2S+1XJ Mcw 〈VSS〉 〈VLS〉 〈VT 〉 Mass
0 1 0 1 1 1 0 0 0−+ 1S0 -0.076 0 0 3.960
1 0 1 1−− 3S1 4.037 -0.038 0 0 3.998
2 2 2−+ 5S2 0.038 0 0 4.075
0 1 1 1+− 1P1 4.143 -0.0010 0 -0.0093 4.133
1 1 0 0++ 3P0 -0.0022 -0.018 4.122
1 1++ 3P0 4.143 -0.0005 -0.0011 -0.0046 4.137
2 2++ 3P2 0.0011 -0.010 4.134
2 1 1 1+− 5P1 -0.0033 -0.029 4.112
2 2+− 5P2 4.143 0.0005 -0.0011 0.010 4.153
3 3+− 5P3 0.0012 -0.014 4.131
1 1 0 1 0 1 1 0 1 1−− 3S1 4.037 0 0 0 4.037
0 0 0−+ 1S0 -0.076 0 0 3.960
1 1 1 0 1 1−− 3S1 4.037 -0.038 0 0 3.998
2 2 2−+ 5S2 0.038 0 0 4.075
1 1 1−− 3S1 -0.1149 0 0 3.922
2 1 2 0 2 2−+ 5S2 4.037 -0.038 0 0 3.998
3 3 3−− 7S3 0.076 0 0 4.113
tive binding energy among the two clusters. The inter-
action between the two quark-antiquark systems are also
assumed to be of the same form as given by Eq.(1) except
that the string tension is assumed to be different. And the
term (VSD) represents the spin-dependent potential part
of two body cluster(Qq¯ − Q¯q) given by Eq.(3).
Here, we have taken various combinations of spin and
orbital angular momentum. We have considered the to-
tal spin J1 and J2 of the two quark-antiquark clusters as
spins S1 and S2 and these spins couple to J12 together
with relative orbital motion L12 presents the total spin J
of the Qq¯ − Q¯q system. The computed masses of the four
quark system with different combinations of the spin and
orbital angular momenta are given in Tables 4, 5 and 6.
3 Results and Discussions
The masses of the low lying hidden charm four quarks
states as Qq − Q¯q¯ clusters as well as Qq¯ − Q¯q clusters
have been computed. Various combinations of the orbital
and spin excitations have been considered. The results ob-
tained in both the cases are tabulated in Tables 2 to 6.
Selected states for known experimental exotic states are
identified and their JPC values are assigned. Their inter-
pretations are shown in Table 7. The first radial excita-
tions of these predicted states are also computed and the
results along with their ground state mass are listed in
Table 8. Finally, we find it interesting to compare our re-
sults with the newly discovered exotic charm states. For
example, soon after the Z+c (3900) observation, the BES-
III reported the observation of three more charge states:
Z+c (4025) [23], Z
+
c (4020) [24] and Z
+
c (3885) [25].
Here, we have been able to identify theX(3823), Zc(3900),
X(3915), Zc(4025), X(4160) and ψ(4040) resonances as
Qq¯−Qq¯ clusters of molecular-like states, while Zc(3885),
X(3940), Y (4140) as diquark-antidiquark cluster states.
The charge conjugation of X(3823) and Zc(3900) states
is reported by BELLE and BES-III as C=-1, but their
JP values are not assigned experimentally [1,2,26]. Our
predictions suggest Zc(3900) as 1
+− state while X(3823)
state as 1−−. There is a still question regarding the struc-
ture of two states Zc(3900) and Zc(3885) that whether
they are two different states or the same state. Recently,
BES-III group reported that Zc(3885) may have 1
+ quan-
tum number and if so then it can be a S wave or/and a
D wave state [25]. Our present study predicts Zc(3885)
as (3S1) having diquark-antidiquark structure with J
PC
=1+−. Although the JP quantum numbers of Zc(4025)
still remain to be determined experimentally, it is assumed
to have spin parity JP = 1+ by BES-III group[23]. This
assignment for Zc(4025) is in agreement with the inter-
pretation of this state to be Qq¯ − Q¯q molecular like state
having JPC = 1+−. Present identification of ψ(4040) as
a Qq¯ − Q¯q molecular like state with JPC = 1−− is in ac-
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Table 7. Comparison of some predicted states with experimental results (in GeV)
.
Present Experiment
State Mass JPC 2S+1XJ Structure of Mass J
PC
four quark state
X(3823) 3.823 1−− 3S1 Qq¯ − Q¯q 3.823 ± 0.0019[26] ?
?−
Zc(3885) 3.882 1
+− 3S1 Qq − Q¯q¯ 3.883
±0.0015
±0.0042 [25] 1
+?
Zc(3900) 3.897 1
+− 5P1 Qq¯ − Q¯q 3.899
±0.0036
±0.0049 [1,2] ?
?−
X(3915) 3.917 3+− 5P3 Qq¯ − Q¯q 3.915
±0.003
±0.002 [28] 0/2
?+
3.919 2++ 3P2 Qq¯ − Q¯q
3.915 0++ 3P0 Qq¯ − Q¯q
3.910 1+− 3S1 Qq − Q¯q¯
X(3940) 3.946 2++ 5S2 Qq − Q¯q¯ 3.942
+0.009
−0.008 [29] ?
?+
3.935 1+− 1P1 Qq¯ − Q¯q
3.939 2+− 5P2 Qq¯ − Q¯q
Y (4008) 3.998 1−− 3S1 Qq¯ − Q¯q 4.008
+0.121
−0.049 [30] 1
−−
3.997 1−− 3D1 Qq¯ − Q¯q
3.988 1−− 5P1 Qq¯ − Q¯q
Zc(4025) 4.023 0
++ 3P0 Qq¯ − Q¯q 4.026
±0.0026
±0.0037 [23] 1
+?
4.026 1+− 1P1 Qq¯ − Q¯q
4.027 2++ 3P2 Qq¯ − Q¯q
ψ(4040) 4.037 1−− 3S1 Qq¯ − Q¯q 4.039 ± 0.001 [31] 1
−−
4.038 1++ 3P1 Qq¯ − Q¯q
Z1(4050) 4.046 2
+− 5P2 Qq¯ − Q¯q 4.051
+0.024
−0.043 [32,33] ?
??
4.054 3++ 7P3 Qq¯ − Q¯q
Y (4140) 4.136 0−+ 3P0 Qq − Q¯q¯
4.142 3−− 5P3 Qq − Q¯q¯ 4.143 ± 0.003 [34] ?
?+
4.145 1−− 1P1 Qq − Q¯q¯
4.146 2−+ 3P2 Qq − Q¯q¯
4.137 1++ 3P1 Qq¯ − Q¯q
X(4160) 4.153 2+− 5P2 Qq¯ − Q¯q 4.156
+0.029
−0.025 [29] ?
?+
4.164 1−− 1P1 Qq − Q¯q¯
4.159 1−+ 3P1 Qq − Q¯q¯
[Qq¯ − Q¯q] - molecular-like structure.
[Qq − Q¯q¯] - diquark-antidiquark structure.
cordance with what was suggested by De Rujula, Georgi
and Glashow [27]. The JPC value of X(3940) state is still
not confirmed. It can be interpreted as either 1+−/2+−
Qq¯−Q¯q molecular-like state or a 2++ diquark-antidiquark
state. In the present calculation, our X(3940) state as a
2++ diquark-antidiquark state is in good agreement with
Maiani et al[22] and compatible with experiment. In Ref
[22], authors have also predicted X(3940) state as a 2++
diquark-antidiquark state. The state Z1(4050) is close to
the interpretations of Qq¯ − Q¯q molecular like state hav-
ing same positive parity but with different J values. Thus,
state Z1(4050) still needs more experimental confirmation
for its J value. From our present study, we assign JPC =
2+− or 3++ if it is having Qq¯ − Q¯q molecular-like struc-
ture. Up to now, the interpretation of the state X(4160)
andX(3915) is still unclear. The stateX(3915) clearly has
C=+, but JP remains to be determined. T Branz et al.
[35] predicted this state as a molecular state. But we have
four possibilities for the interpretations of the X(3915)
state: it can be either one of the 0++/2++/3+− Qq¯ − Q¯q
molecular-like state or 1+− diquark-antidiquark state. If
we follow experimental clue for C=+, then it could be a
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Table 8. The ground state mass and 1st radial excitation state mass of predicted states in Table 7 (in GeV). We have compared
1st radilly excited mass with available experimental data.
State JPC Model Mground Mrad.excitation Experiment
X(3823) 1−− Qq¯ − Q¯q 3.823 4.247
Zc(3885) 1+− Qq − Q¯q¯ 3.882 4.426 [Z(4430)]4.475±0.007+0.015−0.025[16]
Zc(3900) 1+− Qq¯ − Q¯q 3.897 4.312
X(3915) 3+− Qq¯ − Q¯q 3.917 4.328
2++ Qq¯ − Q¯q 3.919 4.330
0++ Qq¯ − Q¯q 3.915 4.388
1+− Qq − Q¯q¯ 3.910 4.327
X(3940) 2++ Qq − Q¯q¯ 3.946 4.408
1+− Qq¯ − Q¯q 3.935 4.343
2+− Qq¯ − Q¯q 3.939 4.346
Y (4008) 1−− Qq¯ − Q¯q 3.998 4.400
1−− Qq¯ − Q¯q 3.997 4.389
1−− Qq¯ − Q¯q 3.988 4.360 [Y (4360)]4.361±0.009±0.009 [36]
Zc(4025) 0++ Qq¯ − Q¯q 4.023 4.400
1+− Qq¯ − Q¯q 4.026 4.402
2++ Qq¯ − Q¯q 4.027 4.403
ψ(4040) 1−− Qq¯ − Q¯q 4.037 4.413 [ψ(4415)] 4.421 ± 0.004 [31]
1++ Qq¯ − Q¯q 4.038 4.413
Z1(4050) 2
−+ Qq¯ − Q¯q 4.046 4.419
3++ Qq¯ − Q¯q 4.0514 4.426
3−− Qq − Q¯q¯ 4.142 4.535
Y (4140) 0−+ Qq − Q¯q¯ 4.136 4.530
1−− Qq − Q¯q¯ 4.145 4.537
2−+ Qq − Q¯q¯ 4.146 4.538
1++ Qq¯ − Q¯q 4.137 4.479
X(4160) 2+− Qq¯ − Q¯q 4.153 4.492
1−+ Qq − Q¯q¯ 4.159 4.548
1−− Qq − Q¯q¯ 4.164 4.549
0++/2++ Qq¯ − Q¯q molecular-like state. The interpreta-
tion of this X(3915) state as 0++ molecular like state is in
agreement with Youchang et al [12]. For X(4160), we have
predicted that it can be a either 2+− Qq¯− Q¯q molecular-
like state or 1+−/1−+ diquark-antidiquark state.
For Y (4140), we are having four different possible states
0−+, 1−−, 2−+, 3−− in the energy range 4.136 − 4.146
GeV as diquark -antidiquark states while only 1++ state
in the Qq¯ − Q¯q molecular-like structure. As per C=+1
assignment provided by the experiment [34], then it can
be interpreted as a Qq¯ − Q¯q molecular-like state only if
its parity is positive. However, its experimental confirma-
tion is awaited. In Ref. [37], authors have re-examined
the four quark system in diquark-antidiquark model espe-
cially in JPG = 1++ and 1−− sectors. They have inter-
preted Y (4360) as the first radial excitation of Y (4008)
with JPG = 1−−. They found that mass difference be-
tween these two states is 350 MeV which is very similar
to that of mass difference of ground and radial excita-
tion of P wave bottomonia. In our present calculation, we
also interpreted Y (4360) with JPC = 1−− (negative G
parity) as first radial excited state of Y (4008) in molec-
ular picture. We have found relative mass difference of
362 MeV in the range of mass difference for L=1 bot-
tomonia i.e. χbJ (2P )−χbJ(1P ) = 360MeV in accordance
with Maiani et al. In Ref.[37] authors interpreted Z(4430)
state as the first radial excitation of the Z(3900), with
a mass difference Z(4430) − Z(3900) = 593MeV , very
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close to ψ(2S) − ψ(1S) = 589MeV . Our present study
suggests that ψ(4415) can be the first radial excitation
of the ψ(4040) in the Qq¯ − Q¯q molecular-like structure
having JPC = 1−−. In our present calculation , we found
that Z(4430) can be the first radial excitation state of the
Zc(3885)(JPC = 1+− with positive G parity) in diquark-
antidiquark picture with a mass difference of 543 MeV
which is lower than that reported by Ref. [37].
The present study has been able to identify many newly
observed exotic states with their JPC assignment. Finally,
We believe that more experimental efforts aimed at deter-
mining the spin parity of the exotic states are required
for understanding the structure of many of the newly ob-
served exotic states. We also hope that many of the pre-
dicted exotic states will be supported by the future exper-
imental observations.
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